Scanning electron microscopy examination of male and female specimens of Micropleura australiensis Moravec, Kay et Hobbs, 2004 (Nematoda, Dracunculoidea) from the peritoneal cavity of the freshwater crocodile Crocodylus johnsoni of the Ord River in Western Australia revealed some previously unreported morphological features. The male, first studied by SEM, possesses the same number (14) of cephalic papillae as the gravid female, but these are comparatively larger and somewhat differently arranged; four slit-like depressions located near the inner base of male dorsolateral and ventrolateral cephalic papillae of the external circle are present. The inner margin of the female oral aperture is smooth, without papilla-like formations. The male caudal end is provided with a right-side ventral ala. The transverse cuticular striae on the male ventral surface bear minute ornamentations (rows of papilla-like formations) in the pre-and postcloacal region. For the first time, M. australiensis is reported from wild and farmed Crocodylus johnsoni and saltwater crocodile C. porosus (new host record) from four localities in the Northern Territory, Australia.
Introduction
Micropleura australiensis Moravec, Kay et Hobbs, 2004 is a dracunculoid nematode recently described from the peritoneal cavity of the Australian freshwater crocodile Crocodylus johnsoni Krefft in Western Australia , and is the only representative of the genus Micropleura Linstow, 1909 in the Australian zoogeographical region. Its morphology was described mainly on the basis of light microscopy (LM), but body fragments of two female specimens were also studied by scanning electron microscopy (SEM). However, as mentioned by Moravec et al. (2004) , the male caudal end in Micropleura spp. is firmly spirally coiled and, therefore, it is rather difficult to study details of its structure. Consequently, it was highly desirable to study not only the male caudal surface of M. australiensis by SEM, but also to apply this method to the study of male cephalic papillae; SEM is the only reliable method to establish the number and distribution of cephalic papillae in most dracunculoids (Moravec 2004) .
In May of 2003, W.R. Kay collected new material of M. australiensis from wild C. johnsoni from the type locality in northern Western Australia. These specimens were partly used for SEM examination and partly for molecular studies. Small subunit (SSU) rRNA gene sequences of this nematode species served for the recently published phylogenetic analysis of dracunculoids and some other parasitic nematodes (Wijová et al. 2006) , whereas results of a new SEM examination of M. australiensis are presented in this paper. Additionally, D.M. Spratt identified specimens from farmed and wild freshwater crocodile C. johnsoni and saltwater crocodile C. porosus Schneider taken in the Northern Territory, Australia between [1984] [1985] [1986] [1987] [1988] , and catalogued and accessioned in the Wildlife Helminthology Collection at CSIRO Sustainable Ecosystems, Canberra, as M. australiensis. These data extend considerably the current knowledge of the hosts and the distribution of this parasite.
Materials and methods
Three wild specimens of Crocodylus johnsoni from the Ord River, northern Western Australia were examined on 1, 2 and 4 May 2003 and specimens of Micropleura australiensis were taken from the peritoneal cavity. A total of 18 nematode specimens (6 males and 12 females) were obtained (one crocodile harboured 16 specimens and two remaining one specimen each), of which 8 were fixed in hot 4% formaldehyde solution and the rest either in 70% or 95% ethanol. Formalin-fixed specimens (3 males and 2 females) used for scanning electron microscopy (SEM) were postfixed in 1% osmium tetroxide, dehydrated through a graded ethanol series, critical point dried and sputter-coated with gold; they were examined using a JEOL JSM-6300 scanning electron microscope at an accelerating voltage of 15 kV. Two ethanol-fixed specimens were used for DNA examination and the remaining specimens were deposited in the helminthological collection of the Biology Centre, Institute of Parasitology, ASCR, in Èeské Budìjovice . The M. australiensis specimens collected from farmed and wild C. johnsoni and C. porosus in the Northern Territory from 1984-1988 were deposited in the Wildlife Helminthology Collection at CSIRO Sustainable Ecosystems, Canberra (Cat. Nos. N2293, N2417, N2500, N2686, N3070, N4434, N4435, N4436, N4437 and N5329). The scientific names of reptiles follow Uetz et al. (2006) .
Results
The SEM examination of the cephalic end of the three male specimens of M. australiensis shows that the oral aperture is oval, somewhat dorsoventrally elongated; the bottom of the mouth is formed by surfaces of three oesophageal sectors (Fig. 1A) . In a lateral view, the mouth is somewhat elevated, giving a truncated appearance to the male cephalic end (Fig.  1C) . Males have 14 cephalic papillae, similar in number to those of the female, but they are more developed and more distinct (Fig. 1A, C, D) . In contrast to the female, the dorsodorsal and ventro-ventral papillae of the external circle are large and close to each other (Fig. 1A, D) . In males, dorsolateral and ventrolateral papillae of the external circle are also large and very distant from the dorso-dorsal and ventro-ventral papillae with each having a distinct slit-like depression of the cuticle at its inner base (Fig. 1A, E) . The internal circle is formed by six papillae of which the lateral papillae, situated somewhat anterior to the amphids, are markedly larger than the four submedian papillae (Fig. 1A, C, D) . The well-developed amphids are lateral and somewhat posterior to the lateral papillae of the internal circle (Fig. 1A, C) . The cephalic papillae and amphids of the gravid female are small and inconspicuous (Fig. 1B) . The oral aperture of the gravid female is circular, smooth as that of the male, without any papilla-like formations (Fig. 1B) .
The present study confirms that there are 10 pairs of small genital papillae in the male, of which 4 are preanal, 1 adanal and 5 postanal ( Fig. 2A, B, C, E) . The cuticle of the ventral surface of the male caudal end is densely transversely striated; the transverse cuticular striae bear distinct cuticular ornamentations (rows of minute papilla-like formations) distributed ventrally and laterally in the region of preanal and postanal papillae (Fig. 2B-F) . The ventral precloacal surface forms a conspicuous unpaired longitudinal elevation of striated cuticle, resembling a caudal ala, which is shifted to the right side of the body (Fig. 2A, C, E) . The tail of the gravid female has a pair of characteristic large lateral papilla-like protrusions bearing phasmids (Fig. 1F) .
In addition to the M. australiensis specimens newly collected from the peritoneal cavity of wild C. johnsoni (type host) from the Ord River (type locality) in northern Western Australia, this parasite was previously, before its description, recorded from farmed and wild crocodiles from the following Australian localities in the Northern Territory (unpubl. data) (accession numbers of specimens deposited in the Wildlife Helminthology Collection, CSIRO Sustainable Ecosystems, Canberra in parentheses):
Noonamah All these M. australiensis specimens were found in a range of sites in the host, including the abdominal cavity, liver, lungs and small intestine.
Discussion
At present the genus Micropleura is represented by four valid species, three of which (M. vivipara Linstow, 1906 , M. vazi Travassos, 1933 , M. australiensis Moravec, Kay et Hobbs, 2004 are parasites of crocodilians in India, tropical South America and Australia and one (M. indica Khera, 1951) parasitizes freshwater turtles in India (see Linstow 1906 , Baylis and Daubney 1922 , Baylis 1924 , Travassos 1933 , Khera 1951 , Siddiqi and Jairajpuri 1963 , Moravec and Prouza 2003 . Mostly, their morphology is inadequately described and SEM examination has only been partly applied in females of M. australiensis, M. vazi and Micropleura sp. from Crocodylus moreletii Duméril et Bibron from Mexico (Moravec 2001 , Moravec and Prouza 2003 . Moravec et al. (2004) published a scanning electron micrograph ( fig. 3C ) of the mouth of a female M. australiensis, where the inner margin of the oral aperture appeared to be provided with numerous small papilla-like formations. However, the present study shows (Fig. 1B ) that these were artifacts and 276 Roborzyñski rosboeŸaev fjad kadsaeae¿ae
Observations on Micropleura australiensis that the rim of the mouth is smooth, without such formations, as in the conspecific male (Fig. 1A) , or in M. vazi and Micropleura sp. females (Moravec 2001, Moravec and Prouza 2003) . For example, similar structures were described by Blaylock and Overstreet (1999) as "sclerotized bead-like teeth around the mouth" in another dracunculoid, the philometrid Margolisianum bulbosum Blaylock et Overstreet, 1999 (genus inquirendum, species inquirenda) from the North American flounder, which later proved also to be artifacts only (Moravec and de Buron 2006). The present SEM study of the cephalic end, applied for the first time in the male of a Micropleura species, has shown that the number (14) of male cephalic papillae is identical with that in the gravid female; their distribution is also similar in both sexes, but there are small differences mainly in the location of the dorso-dorsal and ventro-ventral papillae of the external circle. However, the cephalic papillae of the male are comparatively larger than those in the gravid female.
The number and arrangement of cephalic papillae are important taxonomic features in dracunculoids, but these are often poorly visible under the light microscope in this nematode group (Rasheed 1963 , Moravec 2004 . In older papers, 6-10 cephalic papillae only were reported in different Micropleura spp. (see Linstow 1906 , Travassos 1933 , Baylis 1939 , Khera 1951 , Agrawal 1966 , only Siddiqi and Jairajpuri (1963) mentioned 14 cephalic papillae in two circles and a pair of lateral amphids in M. indica. However, the presence of 14 cephalic papillae is apparently a generic feature of Micropleura. Although Micropleura shows genetic affinities to members of both Philometra Costa, 1845 and Dracunculus Reichard, 1759 (see Wijová et al. 2006) , the characteristics of its cephalic papillae are more similar to that of the former rather than the latter (e.g., Moravec 2004, Moravec and Little 1988) . Slit-like depressions of the cuticle near the inner base of each dorsodorsal and ventro-ventral cephalic papilla of the external circle were not previously observed in any Micropleura species.
Some authors reported the presence of no, one or two caudal alae in Micropleura spp.; Moravec et al. (2004) indicated that the "lateral caudal ala" in M. australiensis is rather a modified, longitudinally elevated ventral cuticle. The present SEM study confirmed the presence of one such ala situated on the right side, asymmetrically to the body axis ( Fig. 2A, C, E) . This feature was sometimes used as a character of the family or for the separation of species (e.g., Ivashkin et al. 1971 , Sood 1999 .
Cuticular ornamentations on the ventral surface of the male caudal end, as now found by SEM in M. australiensis (Fig. 2D, F) , were not previously reported in any Micropleura species. However, somewhat similar ornamentations were observed in the males of another dracunculoid, Philonema oncorhynchi Kuitunen-Ekbaum, 1933, a parasite of salmonids (Moravec and Nagasawa 1999) ; Philonema Kuitunen-Ekbaum, 1933, currently listed within the Philometridae, has recently been placed in the Micropleuridae in the classification system of dracunculoids proposed by Moravec (2006) . The present data show that M. australiensis is not the parasite of the freshwater crocodile C. johnsoni only, but that it also parasitizes the saltwater crocodile C. porosus in Australia. The findings suggest that this parasite is widespread in both wild and farmed crocodiles in northern Western Australia and the Northern Territory.
